We present results from a preliminary asteroseismological analysis of the hot DBV EC20058-5234 based on an extensive grid of models. EC20058 is the only known stable DBV and also the hottest and provides an ideal laboratory to constrain the emission rate of plasmon neutrinos. In a Whole Earth Telescope (WET) campaign in 1997, Sullivan et al. (2008) have found 11 independent modes. We use the results of their work to perform a 6 parameter fit of the observed period spectrum. We find a best fit model consistent with the spectroscopically determined effective temperature and surface gravity for EC20058. We find that the periods can be fit successfully without invoking an uneven split of the 281s mode due to a magnetic field. Based on our best fit model, we compute rates of change for the two stable modes observed in the star, which in turn can be used to place tight constraints on plasmon neutrino emission.
that the star is cooling faster than expected, and indicates an extra source of energy loss.Ṗ provides therefore a measure of the neutrino luminosity.
Following the discovery of pulsating DBs as hot as 28000 K, Winget et al. (2004) demonstrated that one could use hot DBVs to measure neutrino rates. EC20058-05234 is the only stable DBV we know and for now we must rely on measuringṖ for that star. EC20058 is also the hottest known DBV and as such, is a very good candidate for studying plasmon neutrino emission. Sullivan (2004) has collected over 10 years of data on EC20058 that can be used to determine the cooling rate of the star, though he has not published ȧ P yet.
We present preliminary results from an asteroseismological study of EC20058 and make a prediction of how tightly we can constrain the plasmon neutrino emission rates given a measuredṖ for EC20058. We begin with a brief introduction to plasmon neutrino physics before introducing EC20058's observed spectrum and what it tells us about the star's properties and the contribution of plasmon neutrino emission to its cooling. 
Plasmon neutrinos
Plasmon neutrinos result from the decay of a plasmon into a neutrino-antineutrino pair. Classically, one thinks of a plasmon as an electromagnetic wave propagating through a dielectric medium. It is made up of an oscillating electromagnetic field coupled with electrons oscillating with the same frequency. The frequency, ω, of such a wave obeys the dispersion relation
where ω 0 is the plasma frequency. Quantizing the field, the equation above yields
In effect, a plasmon is a particle similar to a photon, except it has a non-zero rest mass. In free space, photons cannot decay into a neutrino-antineutrino pair without violating conservation of four-momentum. In a plasma, the electrons coupled to the photon allow conservation of energy and momentum and so plasmons can decay into a neutrino-antineutrino pair.
One can readily see from equation 1 that plasmons can only exist if ω > ω 0 . This means that more plasmon neutrinos will be produced if the plasma has a high temperature relative to its frequency, i.e. kT > ω 0 . However, ω should not be too large either because otherwise, the coupling with the electrons does not occur and plasmons do not exist. These conditions are satisfied in the interior of hot, neutrino emitting white dwarfs and is the dominant neutrino production process inside those stars.
Observed properties of EC20058-5234
EC20058 is the shortest period known DBV and the only one with stable pulsation periods. Spectroscopically, EC20058 appears to be hot and relatively low mass, with an effective temperature between 25600K and 29900K and a log(g) between 7.70 and 7.96 (Beauchamp et al. 1999) . It is observable from the southern hemisphere and was first discovered to pulsate by Koen et al. (1995) from the South African Astronomical Observatory. In a 1997 Whole Earth Telescope (WET) run on this star, Sullivan et al. (2008) found 11 fundamental modes, listed in Table 1 . The two highest amplitude modes f6 (281.0s) and f8 (256.9s) are remarkably stable and may be used to measure a cooling rate for EC20058 and constrain plasmon neutrino emission rates. Sullivan et al. (2008) found two modes each split by 70 µHz. If we assume these modes are =1 modes (a reasonable assumption from asymptotic period spacing arguments and the relatively low mass found from spectroscopy), then the 70 µHz splitting is consistent with a rotation period of the star of 2 hours. Sullivan et al. (2008) also suggest that perhaps f7 is the third member of the (f5,f6,f7) rotationally split =1 triplet, invoking the existence of a 3 kG magnetic field to account for the uneven frequency splitting. f7 could also be a mode of its own that happens to lie close to where the m=+1 member of the (f5,f6) multiplet would be if it were present. In the preliminary 6 parameter asteroseismological fits presented below, we consider both possibilities.
Asteroseismological Fits
In essence, the problem we have to solve in white dwarf asteroseismology is the simple minimization of a function (the average difference between the calculated periods and the observed periods) with n variables, including the stellar mass (M * ), the effective temperature (T eff ), and chosen structure parameters. Expressed mathematically:
where N is the number of observed periods. The simplest way to minimize Φ is to compute it for all conceivable values of the n variables and pick the smallest value we find. But the number of times we have to evaluate Φ can quickly become astronomical. To make matters worse, each evaluation of the function requires the full computation of a white dwarf model. Fortunately, the White Dwarf Evolution Code (WDEC, Lamb & Van Horn 1975 , Wood 1990 , see also Bischoff-Kim et al. 2008a for latest updates) allows us to compute a large number of models in a small amount of time on a standard desktop machine today and is perfect for the task.
To fit EC20058, we computed a grid of 286,416 models with simple core composition profiles and double-layered helium envelopes predicted by the time dependent diffusion of elements (Dehner & Kawaler 1995 , Althaus et al. 2005 . We show the core composition profiles of a representative model in Figure 2 . The associated structure parameters are the central oxygen abundance (X O ), the location of the edge of the homegeneous carbon and oxygen core (q fm ), the location of the base of the helium rich layer (M env ), and the location of the base of the pure helium layer (M He ). Guided by the spectroscopy, we varied 6 parameters in the following ranges:
We tried fits including 8 periods, making the assumption that f7 in Table 1 is a member of the uneven triplet f5-f6-f7 due to a 2 hour rotation period of the star and a 3 kG magnetic field; and a 9 periods fit, not invoking a magnetic field and including f7 as a separate m=0 mode. We list the best fit found in the grid in both cases in Table 2 . Both fits give similar answers and are equally good. While Φ for the 9 period fit is slightly higher, we have to compensate for the fact that we have added an extra period. Reduced χ 2 's and the Bayes information criterion (BIC, Koen & Laney 2000) both indicate that the two fits are equivalent in quality. Occam's razor favors the 9 period fit (no need for a magnetic field in that case).
Potential Limits on Plasmon Neutrino Rates
We can now use the best fit model we found (for the 9 period fit) to calculate the rate at which the two stable modes (256.9 and 281.0s) change with time. We findṖ 256.9 = 0.96 × 10 −13 s/s andṖ 281.0 = 1.4 × 10 −13 s/s. In order to study the effect of varying the plasmon neutrino rates, we define the parameter λ as:
where ν is the plasmon neutrino emission rates given by Itoh et al. (1996) and ν is the changed rate used in the models. We showṖ's as a function of varying plasmon neutrino rates for both stable modes in Figure 3 . In the upper right corner of the left panel, we show the error bars we expect on the measuremedṖ's for these two modes. We estimate the error bars based on the ones we had in 1991 for G117-B15A (0.35 × 10 −14 s/s, Kepler et al. 1991) , after 15 years of data had been collected on that star. 
Conclusions
Preliminary asteroseismological fits based on an extensive grid of models give best fit parameters consistent with the spectroscopic temperature and gravity determination for EC20058 and indicate that the star is likely oxygen rich. We obtain good fits without invoking a magnetic field to explain the 274.7s mode observed in EC20058. From our best fit models we computedṖ's for the plasmon neutrino rates predicted by Itoh et al. (1996) , as well as for modified plasmon neutrino rates. We have set the stage to constrain plasmon neutrino rates from EC20058'sṖ. Once we have a measuredṖ for one or both of EC20058's stable modes, we should be able to place tight constraints on plas-mon neutrino emission rates. Most of the uncertainties lie in the models. More work is under way to improve the models and assess the associated uncertainties (Bischoff-Kim et al. 2008b ).
